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ⅢG､２.Thetransitionfromtheunstablesynchromzationstatewithoscillationcessationstospiralwaverotation.(a)TransmittedUghtintensiUasafilnction oftimefbrasinglebeadofninebeadsassemblyinanunstablesynchronizationstatewithoscillationcessation・Oneregion(★)oftheunstablesynchromzationstateisenlargedandshownin(b).Thetimepointsdenotedbynumbers(1),(3),(4),and(5)correspondstotheimages(1),(2),(3),and(4)of(c),respectively． (d)showsspiralwaverotation[see(a)]emergedinthesamebeadsassembly． 
fbrseveraltimesatleast・Figulel(c)showsthetra1iSmttedbeadandpropagatedoverthebeadassembly・JustafterthelightintensitiesandthelightintensitydiffelenceasafUnc-singlebluebeadchangedthecolortored,theunstablesyn‐ tionoftimefbrtwobeads(beadl,bead2)inthebeadassem‐chromzationwithoscmationcessationsemerged・OnereglonblyofFigs､１(a)andl(b).TheaIrowdenotesthetimepoint［(★)ｍFig.２(a)]intheunstablesynchromzationstatewith ofthetransitionfromoncsynchromzationmode[Fig.１(a)］oscnlationccssationsisenlargedinFig.２(b)andthecolre‐ toanothermode[Fig.１(b)]．spondingvideoimagesareshowninFi9.2(c)Onechemical lnsomeexperimentalrunsweobselvedthattheunstablewave[thealrow(1)ｉｎＦｉｇ２(b)andtheimage(1)ｍＦｉｇ・synchromzationstateswitchedtoastablewaverotationFig-2(c)]startedfromonebead[bead(3)ｍＦｉｇ２(c)］Inunedi-ure2(a)showstransmittedUghtintensityasafimctionofatelyafterthat,secondwavc[thealrow(2)ｍＦｉｇ２(b)］ timefbrasmglebead[bead(1)inFig.２(c)]ofabeadas-startedfrombead(1)ｉｎＦｉｇ２(c)(thecoIrespondingimage sepddlyeXhibitingtheswitching,Thecolorofbeadsim‐notshown).TYletwosequentialchemicalwavespropagating mersedintheleactionsolutionwasdarkbluefbraninduc-fromdifferentbeadsresultedinthetransientcessationsof tiontime(<２h).Afterthat,thebead，scolorchangedtobeoscillationinallbeads[theaｴrow(3)ｉｎＦｉｇ２(b)andthe redandperiodicchencalwavestartedtopropagateTheimage(2)ｉｎＦｉｇ２(c)],whichalsobecameshauowblue､It inductiontimefOreachbeadwasdifferent・ＩｎＦｉｇＺ(a),ｉｎwasfbllowedthatthecentralbead[bead(4)ｉｎＨｇ２(c)］謡辮H鰯繍.鰐鷲騨:hf(\聾tiRP§写EWiii>ミゥHIih藁遮ＣＭ;fPt炎tfflH:ｌａＨｉ::;臓峨臘継cmationcessations,asinglebead[bead(2)ｉｎFig.２(c)］image(3)ｉｎＨｇ２(c)]andfinallyallthebeadschangedtheir whichpelRhapshadlongerinductiontimestayedtobebluecolorstored[thearrow(5)ｍＦｉｇ２(b)andtheimage(4)m andtheothereightofmnebeadsalreadychangedthecolorsFi9.2(c)]､Thisrepeatedseveraltimes・Atonepomtintimetored・Periodicchemicalwavesstartedfromthesinglebluedulingtheunstablesynchromzationstate，ｔｗｏｃｈｅｎｃａｌ
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wavesstartedfromdifferentbeadsbrokeintoeachotherand 
astablerotatlngspiralwaveabruptlyocculredFigure2(｡） 
showstherotatingWavefOroneperiod・Thedirectionis
counterclockwise・
Intheorigmalstudywithcation-exchangebeadsbyMa-
selkoandShowalter,６ｉｔｈａｄｂｅｅｎｒｅｐｏｒｔｅｄｔｈａｔａｃircular 
wavepatterninthethinfilmofferroinloadedcation‐ 
exchangebeadsgraduaUytransitstoanlrregularpattemwith 
anmcreasingBrO30rH2SO4concentrationinthereaction 
solution・Thefirstirregularpatternwithincreasedconcentra-
tionsbecamethetargetpatternandhadaspiralcenter・Our
observationofthetransitionfromtheunstablesynchroniza-
tionstatetothespiralwaverotationnghtprovideaninsight 
totheoliginofthespiralcenterinthetargetpatternobserved 
byMaselkoandShowalter，althoughtheH2SO4concentra-
tlonwasmuchmgherinourexperiments、
ＷｅｎｏｗｈａｖｅnoexplanationsfOrthecomplexdynanuc 
behaviorasshowninFig2(c).Thebehaviorsin1artotran‐ 
sientcessationsofoscnlationinabeadassemblywasalso 
obselvedinourprevioussmdy9ofthreebeadsdistlibutedin 
atriangularfbrmnotincontactwitheachotheLWeob-
servedonlythetransientcessationsofoscillationwhereall 
thebeadsareredandnotthestatewhereallthebeadsare 
shallowblue・Ithadbeensuggestedthatreversibleswitching
betweenoscillatoryandexcitablestatesofthebeadsnght 
occur・Ourobservationoftheunstablesynchronizationstate
withthetransientcessationsofoscillationsmightbeinherent 
mcouPledoscnlatoryand/orexcitableelementslnaddition， 
theH2SO4concentrationwasverymghinourexperiments， 
ThehighH2SO4concentrationresUltsintheferroin，sdisso‐ 
ciationfromthebeadsandthedecompositionoftheferrOin 
inthereactionsolution､Thus,thecoupUngstrengtllamong 
thebeadsandthenativeperiodsofeachbeadsarethOughtto 
changegradually・Theunstablesynchromzationstatewith
theosciUationcessationsmightbealsoresponsiblefOrthe 
felroindissociatiOnanddecomposition・Ｔｈｅdynanncbehav-
iordependentontheH2SO4concentrationmthereaction 
solutionshouldbepursuedfUrthertoexamnethecauseof 
theunstablesynchromzationandthatstudyisｎｏｗｍｐｒｏ－ 
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Experinlentalresults[Fig.１(c)andFigs､2(a)and2(b)in 
thetext]werevisualizedwiththesoftwareWolframRe‐ 
search，Ｍ、/ＺｅｍａｒｊｃａＪＷｅｔｈａｎｋＭｒ・BobServeterfbrhis
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